Introduction Natural killer (NK)' cells represent a subpopulation of lymphocytes capable of lysing target cells without prior sensitization. Since this "natural" killer activity is most evident against neoplastic and virus-infected targets, it is thought that the major in vivo role of NK cells is to provide surveillance against neoplastic cells or those modified by viral infection (1) . NK activity can be readily detected in blood of normal individuals and is known to be altered in a variety of disorders (2) .
The lung is a major site for both neoplastic disease and viral infections. Since the normal lower respiratory tract contains significant numbers of lymphocytes, and since the normal proportions of lymphocyte subtypes such as T cells, T helper cells, and T suppressor cells are similar to blood (3), it is reasonable to hypothesize that NK activity in the lower respiratory tract is also similar to blood. Surprisingly, the present study demonstrates that for equivalent numbers of lymphocytes, while there are cells present with morphologic, antigenic, and binding characteristics of NK cells, functional lung NK activity is markedly reduced when compared with blood.
While lung NK cells appear to be functionally impotent, it is known that mediators that are released by activated T lymphocytes, such as interleukin-2 (IL-2), can augment NK cell activity (4) . In this context, since IL-2 is spontaneously released by T cells in the lower respiratory tract in active pulmonary sarcoidosis (5) , we hypothesized that active sarcoidosis might be a useful naturally occurring in vivo model to examine whether the presence of IL-2 in the local milieu might be associated with enhancement of lung NK activity. The data demonstrate that this is the case. Furthermore, IL-2 can augment normal lung lymphocyte NK activity in vitro. Thus, while NK cell activity in the normal lung is very low, lung NK cell activity can be modified.
Methods
Normal study population. Normal individuals (n = 22, age 23±1 yr,2 14 males, 8 females) had normal physical examinations, chest X-rays, and lung function tests. None were taking medications. All were nonsmokers.
Isolation of blood and lung effector cells. Blood mononuclear cells were isolated from heparinized peripheral blood and buffy coat preparations by density gradient centrifugation using lymphocyte separation medium (Litton Bionetics, Kensington, MD). Lung mononuclear cells were obtained using bronchoalveolar lavage as previously described (6) . Briefly, a fiberoptic bronchoscope was wedged into a distal segment of the lower respiratory tract and 5 20-ml aliquots of normal saline were infused then immediately aspirated. This procedure was performed in three separate lobes. The cells were then separated from the lavage fluid by centrifugation and washed twice in RPMI-1640 (Biofluids, Inc., Rockville, MD).
To obtain purified preparations of lung and blood lymphocytes, the mononuclear cells were suspended in "culture medium" (RPMI-1640 supplemented with 50 mM glutamine, 100 U/ml penicillin, 100 jsg/ml streptomycin, and 10% fetal calf serum (FCS); all are from Biofluids, Inc.) and were depleted of adherent cells by adherence to plastic tissue culture dishes (100 mm diameter, Falcon 3003, BectonDickinson & Co., Sunnyvale, CA) for 60 min at 370C, followed by passage through nylon wool columns (ABS, Inc., Buffalo, NY) (7) . Nonadherent cells were eluted from the nylon wool columns at 2 ml/ min at 370C using culture medium. The resulting lymphocyte populations (referred to throughout as "lymphocytes") were routinely >97% pure as determined by morphology and nonspecific esterase staining, >97% viable (as assessed by trypan blue exclusion), and contained <3% B cells (as determined by direct immunofluorescence using the anti-B cell monoclonal antibody Leu 12, from Becton-Dickinson & Co.).
Lung and blood mononuclear phagocytes were purified from the mononuclear cell populations by adherence to 10-cm plastic dishes for 1 h at 370C (lung) or 30 min at 370C (blood) in culture medium, then removed using a disposable cell scraper (Costar, Cambridge, MA). The resulting mononuclear phagocyte populations were >98% pure (lung) and >90% pure (blood); both populations were 85±6% viable as assessed by trypan blue exclusion.
Identification ofNK cells. The proportions of lymphocytes in lung and blood with morphologic features of large granular lymphocytes (LGL) were determined by examining methanol-fixed cytospin preparations using Giemsa stain (Manufacturing Chemists, Inc., Gibbstown, NJ) that was diluted I in 20 in phosphate-buffered saline (PBS) for 12 min. Fixation, staining, and washing were all performed at pH 7.2.
2. All data are presented as mean±SE of the mean; comparisons between groups were performed using the two-tailed t test.
LGL were enumerated using established criteria including lymphocytoid morphology, high cytoplasm nucleus ratio, and multiple cytoplasmic granules (8) .
The frequency of surface antigen marker (HNK-l) antigen-bearing lung and blood lymphocytes was determined using direct immunofluorescence (9) . Briefly, 10 Ml of fluorescein conjugated anti-Leu 7 (HNK-1) monoclonal antibody suspension (Becton-Dickinson & Co.), was added to 100 Al of cell suspension (10'/ml) and incubated at 4VC for 30 min. After washing four times in cold (40C) PBS, the frequency of HNK-I positive lymphocytes was determined using phase-contrast and fluorescent microscopy.
Partial purification ofNK cells. NK cells were partially purified by discontinuous Percoll gradient centrifugation using LGL morphology as a criterion for purity (10). Percoll (Pharmacia Fine Chemicals, Piscataway, NJ) was made isosmotic by the addition of 10% vol/vol 10-fold concentrated Hanks' balanced salt solution (HBSS) (Biofluids, Inc.) and added in various proportions to culture medium (corrected to 285 mosmol) to produce solutions that ranged from 41.7 to 66.7%
Percoll (vol/vol). The resulting seven solutions were carefully layered on top of each other in a 1 5-ml polystyrene tube (Falcon 2095, BectonDickinson & Co.). Nylon-wool purified lymphocytes (40 X 106/ml in culture medium) were then layered on top of the gradient and centrifuged at 550 g for 30 min at 230C. Cells from the second and third interfaces were removed using a pasteur pipette, washed twice in HBSS, and depleted of high affinity sheep red blood cell (SRBC) rosette-forming cells (I 1). To accomplish this, 106 lymphocytes in 2.5 ml RPMI-1640 were added to 5 ml FCS and 5 ml washed SRBC (108/ ml RPMI-1640), incubated for 5 min at 370C, centrifuged at 150 g for 5 min, and incubated at 290C for I h. The SRBC rosette-forming cells were then removed by density gradient centrifugation through lymphocyte separation medium at 400 g for 30 min at 230C, the cells at the interface were recovered, washed twice, and resuspended in culture medium. The preparations were comprised of 80-85% LGL as assessed by Giemsa stain and were used at a 10:1 ratio with target cells in the "Cr-release assay. "Cr-Release assay. NK activity was assessed using a "Cr-release assay (12) . To Single cell studies. The capacity of individual blood and lung lymphocytes to bind and lyse K562 target cells was assessed using a single-cell assay (13) . To lymphocytes]). The remainder of the cell pellet was then taken up in 50 Ml of 2% agarose (FMC Corp., Marine Colloids Division, Rockland, ME) at 401C and immediately placed on an agarose-coated glass slide. The cell-agarose suspension was then allowed to solidify on the slide at 230C and the slide was placed in a sterile Coplin slide jar that contained culture medium. After incubation for 14 h at 370C the slides were removed, stained with 2% trypan blue solution for 5 min, rinsed, and then fixed in PBS that contained 0.3% formalin. The slide was then examined using light microscopy and the frequency of lymphocyte-bound and unbound target cells that stained with trypan blue (i.e., "dead" cells) was determined. The single cell cytotoxicity was quantified as: ([percentage of conjugates that contained dead target cells] -[percentage of spontaneous lysis]). On the average, the spontaneous lysis of target cells was 3.0±0.3%.
Inhibition studies. To evaluate the hypothesis that NK cell activity in the human lung is suppressed because of local inhibitory influences, alveolar macrophages and epithelial lining fluid (ELF) that were recovered from normal individuals were evaluated for their capacity to inhibit autologous blood NK cell activity. To determine if alveolar macrophages could directly inhibit NK cell activity, alveolar macrophages (>98% pure) were added in varying numbers to blood lymphocytes or LGLs in the "Cr-release assay just before the addition of target cells. In some experiments, partially purified peripheral blood monocytes were added instead of alveolar macrophages.
To determine if alveolar macrophages could cause persistent alterations in NK cell function, alveolar macrophages (106) and normal blood lymphocytes (2 X 106) or LGLs (106) were co-cultured for 24 h at 37°C in 24-well plates (Falcon 3047, Becton-Dickinson & Co.). The lymphocytes were then depleted of contaminating macrophages by passage through nylon wool columns, washed twice in RPMI-1640, and then assayed for NK activity. Control lymphocytes were handled identically but without the addition of alveolar macrophages.
To evaluate a possible role for prostaglandins or oxygen radicals, known inhibitors of NK activity, in alveolar macrophage-mediated NK regulation, a prostaglandin synthetase inhibitor (indomethacin, Sigma Chemical Co., St. Louis, MO) or antioxidants (superoxide dismutase and catalase, Sigma Chemical Co.), respectively, were added to the alveolar macrophage preparations that were used in both the "Cr-release assay and the alveolar macrophage-lymphocyte co-cultivation assay as described above. The final concentration of indomethacin (10-5 M) was sufficient to suppress the production of E-series prostaglandins by alveolar macrophages, as assessed by culturing the macrophages alone and measuring prostaglandin release into the supernatant using radioimmunoassay (14) . The final concentrations of superoxide dismutase (200 U/ml) and catalase (2,000 U/ml) were sufficient to suppress all O2 and H202 release by the alveolar macrophages, as assessed by culturing the macrophages alone and measuring superoxide release using a ferricytochrome C reduction assay (15) and hydrogen peroxide release using a phenol red oxidation assay (16) . Indomethacin and antioxidants in these concentrations did not significantly alter the NK activity of lymphocytes alone or the spontaneous lysis of target cells (P > 0.1 for all conditions).
To determine if the noncellular constituents of ELF from normal lungs could alter NK cell activity, lung lavage fluid, which represented approximately a 1:100 dilution of ELF in the normal saline used for lavage (as determined by comparing urea concentrations in lavage fluid and blood [17] ), was added in varying concentrations to the "Crrelease assay before the addition of target cells. In some experiments, lavage fluid was concentrated 100-fold using a Minicon B-15 macrosolute concentrator (Amicon Corp., Danvers 4 h, and then incubated with the MLA 144 supernatant at 10' cells/ml for 2 h at 4VC to adsorb any IL-2 from the supernatants. The CT6 cells were then removed by centrifugation and filtration through a 0.22-Mgm millex low-binding filter (Millipore Corp., Bedford, MA). Control supernatants were treated identically, except for the addition of CT6 cells. This procedure resulted in complete depletion of all IL-2 activity from the preparation as tested by proliferation of the IL-2-dependent CT6 cell line, while IL-2 activity persisted in the control supernatant. These supernatants were then tested for their capacity to augment lung NK cell activity. Second, the monoclonal antibody anti-Tac (kindly supplied by T. A. Waldmann, NCI, Bethesda, MD) was used to block IL-2 receptor function (20) . To accomplish this, 10 Ml of a 100-Mg/ml suspension of the antibody was added to the assay before the addition of IL-2. Identical amounts of a control antibody of the same class were added to control wells. Neither the IL-2 preparations nor the antibody altered spontaneous target cell lysis (P > 0.2). Partially purified IFN, (Meloy Labs, Springfield, VA) was diluted in RPMI-1640 and used at 250 U/ml. This preparation was free of IL-2, as tested by proliferation of the IL-2-dependent CT6 cell line.
Evaluation of lung NK activity in patients with sarcoidosis. To determine if lung NK cell activity was enhanced in a milieu of spontaneous IL-2 release, lymphocytes from patients with active sarcoidosis, which is a disorder associated with the spontaneous release of large amounts of IL-2 by lung lymphocytes, (5) were evaluated for NK activity. As a control, blood lymphocytes from the same patients were evaluated as were the lung and blood lymphocytes from patients with inactive sarcoid. Sarcoidosis patients (n = 24, age 38±2 yr, 7 males, 17 females) were diagnosed using previously described criteria including lung and/or intrathoracic lymph node biopsy (21) . None of the patients was receiving treatment at the time of the study. On the average, lung function testing (expressed as percentage predicted) of these patients included: vital capacity (VC), 79.0±3.5; total lung capacity, 79.0±3.6; diffusing capacity (single breath CO, corrected for alveolar volume and hemoglobin), 73.7±5.2 and FEVy /VC ratio, 103.1±2.8. Patients were classified as having active disease (high intensity alveolitis) or inactive disease (low intensity alveolitis) using lavage T lymphocyte and gallium-67 scan criteria, as previously described (22) .
The lung lymphocytes from the sarcoidosis patients were evaluated in two ways. First, the lung lymphocytes from all sarcoid patients were evaluated for spontaneous NK activity. Second, lung lymphocytes from patients with low intensity alveolitis were incubated with IL-2 or IFN, (as described above) to determine if NK cell activity could be enhanced by these mediators. All studies with lymphocytes of sarcoidosis patients were performed as described above for lymphocytes from normal individuals.
Results
Normal lung NK cell activity. NK cell activity of normal peripheral blood lymphocytes was readily detected at all effector to target ratios tested (Fig. 1 A) . In marked contrast, at the same effector to target ratios, NK cell activity of normal lung lymphocytes was barely detectable. At an effector target ratio of 50:1, blood NK cell activity was -25-fold that of lung lymphocytes (P < 0.001 compared with blood). This marked difference of NK cell activity between blood and lung was not target specific; with the other NK-sensitive target cells tested, Fig. 1 B) .
Single cell studies oflung lymphocyte killing ofKS62 cells.
The percentage of lung lymphocytes that was able to recognize and bind NK-sensitive targets was similar to that of blood (P > 0.2, Fig. 1 C) . However, while '20% of normal blood lymphocytes that bound to K562 target cells caused lysis of these cells, under identical conditions <1% of the lung lymphocytes binding to K562 cells lysed the target (P < 0.001, Fig. 1 D) . Thus, the lack of functional activity of lung NK cells appears to be related to failure of these cells to lyse the target after binding.
Suppression ofNK cell activity by components ofthe lower respiratory tract. The impotence of lung NK cells appeared to be related, at least in part, to inhibitory influences in the local milieu of the lower respiratory tract. In this regard, NK activity of normal blood lymphocytes was suppressed by normal alveolar macrophages and the degree of suppression increased with increasing alveolar macrophage to lymphocyte ratios (Fig.  2 A) . Both indomethacin and antioxidants failed to prevent alveolar macrophage-mediated inhibition, which suggested that prostaglandins and oxygen radicals were not major mediators of this effect (Table I) . Moreover, the suppressive effect of normal alveolar macrophages on NK activity persisted despite removal of the macrophages from the NK cells after 24 h of co-cultivation (Table I) . Separate experiments using unadhered lung mononuclear phagocytes demonstrated that the adherence step itself did not alter the capacity of mononuclear phagocytes to affect NK cell function (P > 0.5, n = 4).
Purified blood monocytes also inhibited NK cell activity. At a 1:1 monocyte to lymphocyte ratio, the degree of inhibition was 20±2% (P < 0.05, compared with medium alone; n = 6). Compared with the 62±5% inhibition expressed by alveolar macrophages at the same (1:1) ratio to lymphocytes, blood monocytes were significantly less inhibitory (P < 0.05, compared with alveolar macrophages).
ELF also exerted a profound inhibitory effect on normal NK cell function (Fig. 2 B) , and this inhibitory effect persisted even after removal of the ELF after 24 h of co-cultivation (Table I) . At a 25-fold concentration of lavage fluid (representing approximately a 1:4 dilution of ELF), the components in ELF were able to virtually abolish the NK activity of normal blood lymphocytes (Fig. 2 B) . A 1:4 dilution of autologous serum did not inhibit blood NK cell activity (P > 0.5).
After incubation of blood lymphocytes with alveolar macrophages or ELF for 24 h, their capacity to bind K562 cells was unaltered (Fig. 2 C, P > 0. 2). However, under the same conditions, a dramatic reduction was observed in the capacity of conjugate-forming lymphocytes to kill the target cells (P < 0.01 for both alveolar macrophages and ELF; Fig. 2 D) . Normal alveolar macrophages alone demonstrated negligible target cell cytotoxicity or binding (<1% for both). Thus, the mechanism of the alveolar macrophage and ELF suppression of NK activity was related to reduction of the ability of the NK cells to lyse their targets after they had bound to the targets. Importantly, inhibition of blood NK cell activity by alveolar macrophages and ELF was not irreversible. After their removal from the alveolar macrophages or ELF, these cells completely recovered their NK activity within 24 (ELF) or 48 h (alveolar macrophages). f Normal alveolar macrophages added to lymphocytes in the cytotoxicity assay; alveolar macrophages to lymphocyte ratio 1:1. § P < 0.001, compared with lymphocytes alone. 11 P > 0.1, compared with lymphocytes plus alveolar macrophages.
¶ Superoxide dismutase (200 U/ml) plus catalase (2,000 U/ml). ** Normal alveolar macrophages cultured with lymphocytes for 24 h then removed by passage through nylon wool (AM to lymphocyte ratio 1:2).
#f Normal blood lymphocytes cultured in ELF for 24 h, washed twice, then assayed for NK activity.
The NK activity of LGL purified from blood was similarly inhibited by both alveolar macrophages (48±21% inhibition) and ELF (32±9% inhibition) (P < 0.05, all comparisons, n = 5). As was observed with the unfractionated lymphocytes, this effect persisted after removal of the alveolar macrophages after 24 h co-cultivation (38±13% inhibition, P < 0.05) or ELF after 24 h co-cultivation (25±9% inhibition, P < 0.05, n = 5).
Augmentation of normal lung NK cell activity. Although NK cell activity is very low in the normal lung, this activity could be augmented in vitro. First, normal lung lymphocytes that were incubated in medium alone for 24 h demonstrated a significant increase in NK activity (P < 0.01) (Fig. 3) . This increase was also observed when the cells were cultured in the presence of autologous serum rather than FCS. Furthermore, addition of IL-2 to these cultures of lymphocytes resulted in further augmentation of NK activity, compared with lymphocytes that were cultured alone (P < 0.05; two-tailed paired t test). In contrast, no augmentation of lung NK cell activity was seen after incubation with IFN, (P > 0.2, compared with lymphocytes cultured alone). Both IL-2 and IFN, augmented blood lymphocyte NK activity under the same conditions (P < 0.05, both comparisons to blood lymphocytes cultured in medium alone).
NK cell activity in the sarcoid lung. Lung lymphocytes from sarcoidosis patients with low intensity alveolitis expressed a low level of NK activity, similar to that of normal lungs (P > 0.5, Fig. 4 A) . In marked contrast, lymphocytes from the lungs of sarcoidosis patients with high intensity alveolitis, a condition known to be associated with the spontaneous release of IL-2 by lung T cells, demonstrated significantly higher NK activity compared with lung lymphocytes from normal individuals and sarcoidosis patients with low intensity alveolitis (P < 0.02, both comparisons). Furthermore, this increase in lung NK cell activity was observed with each of three other NKsensitive targets that were evaluated (U937, 20.0±4.6%; MOLT-3, 17.8±5.4%; Daudi, 18.7±13.1%; all P < 0.02 compared with normal, n = 6), but not the relatively NK-insensitive Raji target (0.8±0.7%, P > 0.2). However, while lung lymphocytes . In all studies, NK cell activity was measured against K562 targets and the same numbers of lung lymphocytes were used in all assays.
of patients with high intensity alveolitis exhibited markedly higher NK cell activity, blood lymphocytes of these patients had similar NK cell activity to blood lymphocytes of patients with low intensity alveolitis and normal individuals (P > 0.1, all comparisons). Active lung NK cells from patients with high intensity sarcoidosis were also inhibited by normal alveolar macrophages and ELF (39±19 and 84±5% inhibition, respectively).
One possible explanation for the high NK cell activity (on a per lymphocyte basis) in the lungs of patients with active sarcoidosis is that the lung lymphocytes had been modified in vivo by a T cell mediator such as IL-2, i.e., functionally inactive lung NK cells in the presence of IL-2 in the local milieu become active. In this context, when lung lymphocytes that expressed low NK activity from sarcoid patients with low intensity alveolitis were incubated for 24 h in the presence of IL-2, their NK activity was augmented significantly (P < 0.001, Fig. 4 B) to a level similar to that seen in sarcoidosis patients with high intensity alveolitis (P > 0.5). However, no augmentation was seen after incubation of lung lymphocytes ofthe same individuals with IFN, (Fig. 4 C; P > 0.2, compared with lymphocytes alone).
Several lines of evidence suggested that it was IL-2 and not other components in the MLA 144 cell line IL-2 preparation that caused the in vitro augmentation of the lung lymphocyte NK activity (Table II) . First, IL-2 that was purified from supernatants of this cell line produced identical results. Second, depletion of IL-2 from the cell line supernatant by adsorption to the IL-2-dependent cell line CT6 completely removed the NK-augmenting effect of the preparation. Third, blockade of 11 IL-2 purified from supernatant of MLA 144 cell line using reversephase high performance liquid chromatography (20) . 1 P > 0.2, compared with lymphocytes alone. ** Anti-Tac added to lymphocytes before the addition of IL-2.
fl Control antibody (RPC5) added as in 11.
IL-2 receptors using the monoclonal antibody anti-Tac likewise abrogated the NK-augmenting effect.
Discussion
In order to defend an organ against malignant or other abnormal cells, NK cells must not only be present locally but they must also be active. The present study demonstrates a striking compartmentalization between NK cell activity in lung and blood, such that the normal lung is virtually devoid of NK cell activity. Several lines of evidence suggest that this apparent lack of lung NK cell activity occurs even though lymphocytes with the characteristics of NK cells are present in the population of lung lymphocytes. First, the normal lung contains significant numbers of LGLs, which are cells that contain the subset of lymphocytes that mediate NK cell activity (8) . Second, the lung contains significant numbers of lymphocytes that express the HNK-1 antigen, which is a property also associated with cells that, at least in blood, express NK activity (9) . Third, a significant number of lung lymphocytes spontaneously bind to K562 cells, which is a sensitive though not specific feature of NK cells (23) (24) (25) (26) . Thus, it appears that while NK cells are present in the normal lung, these cells are functionally impotent.
Suppression ofNK cell activity by components of the lower respiratory tract. One possible explanation for the apparent impotence of NK cells in the normal lung is that there are local regulatory influences suppressing NK cell activity within the lower respiratory tract. The present study demonstrates that normal human alveolar macrophages and constituents of ELF of the normal human lower respiratory tract can markedly inhibit NK cell activity of normal blood. These findings are consistent with the observations that activated blood monocytes (27) and alveolar macrophages obtained from patients with lung disease (28) also suppress NK cell function. Both alveolar macrophages and ELF inhibit the capacity ofblood lymphocytes to lyse target cells, rather than their capacity to bind to these targets. This defect in the lytic step is identical with that seen in NK cells from normal lung, which suggests that this mechanism of suppression may be operative in vivo. The inhibitory effect of normal alveolar macrophages and ELF on NK cell activity appears to be a direct effect on the NK effector cells rather than an indirect effect through other lymphocytes, since similar results were obtained when purified LGL populations were studied rather than nylon wool-purified blood lymphocytes.
It is known that E series prostaglandins (29) and oxygen radicals (27) , known products of human alveolar macrophages (14, 15) Although all of the lung components that were used in the present study were obtained from the epithelial surface of the lower respiratory tract, it is likely that similar inhibitory influences are present throughout the alveolar walls. For example, lymphocytes that were obtained by teasing apart rat lungs (33) and human pneumonectomy specimens from patients with malignancy (34) also demonstrate little NK cell activity. Low NK cell activity is not necessarily restricted to the lung; however, it has been shown that the lymphocyte populations of human tonsils, lymph nodes, and spleen have much less NK cell activity than blood lymphocytes (35) , which is consistent with the concept that the activity of NK cells in the blood is not an accurate reflection of NK cell activity in specific organs.
The mechanism that underlies the diminished NK cell activity in these organs is not known, but it may involve local suppressive influences, as in the lung, and/or the absence in these organs of mediators that are necessary for the maintenance of NK cell function. In this context it has been shown that blood NK cells do not maintain their activity when cultured in the absence of IL-2, but do so if IL-2 is added to the cultures (36) .
Augmentation oflung NK cell activity. While lung NK cell activity is normally suppressed, it is clear that this can be overcome in vitro, and, in certain circumstances, in vivo. First, when blood NK cells are suppressed by alveolar macrophages or ELF in vitro, this suppression is lost within 24-48 h after their removal from the alveolar macrophages or ELF. Second, lung lymphocytes express significant NK cell activity after 24 h culture in medium alone. Third, exposure of normal lung lymphocytes to IL-2 in vitro uncovers lung NK cell activity. Fourth, in active pulmonary sarcoidosis, a condition in which lung T lymphocytes are spontaneously releasing IL-2, lung NK cell activity is markedly increased over that seen in the lungs of normal individuals. Fifth, the low NK activity of lung lymphocytes from patients with inactive sarcoidosis can be augmented by culturing these cells with IL-2. Sixth, the fact that NK activity is present in the lungs when IL-2 is present is consistent with the demonstration of in vivo enhancement of NK cell activity after the administration of IL-2 to rats (37) .
It is possible that the enhanced lung NK cell activity in sarcoidosis patients is due to several mechanisms, which include a reduction in suppressive influences as well as exposure of lung NK cells to mediators in addition to IL-2. In this context, it is known that lung mononuclear cells in this disease also spontaneously release IFN, (Robinson, B., R. Crystal, submitted for publication). Furthermore, the increase in lung NK cell activity after incubation for 24 h in IL-2 was greater in the inactive sarcoidosis patients than in the normals, which suggests a qualitative or quantitative difference in the resting cell population that rendered these cells more responsive to IL-2 modulation; i.e., it is possible that prior exposure of these cells to IL-2 and/or other mediators when the disease was "active" primed them to be responsive to IL-2. In this regard, it has been recently shown that HNK-1 positive cells must be primed by an initial signal to express IL-2 receptors before being responsive to IL-2 (38) , and that mediators such as IFNI, can contribute to the induction of IL-2 receptor expression on blood lymphocytes (39) .
Interestingly, IFN.Y, at a dose that augmented blood NK cell activity did not augment lung NK cell activity of normals or patients with inactive sarcoidosis. These observations are consistent with observations that: (a) IL-2, but not interferon, overcomes the deficient blood NK cell activity of patients with the acquired immune deficiency syndrome (40), and (b) blood NK cell activity is profoundly depressed in patients with systemic lupus erythematosis (41), which is a disease associated with defective IL-2 production (42) yet high serum levels of interferon (43) .
